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MANURE APPLICATOR/ROTARY/PADDY FIELD TILLAGE 
 
This research is the design, build and develop of a prototype of manure 
applicator with rotary and regulator to use on soil preparation of paddy field. The 
main objective is to reduce the number of passes on the field in order to prevent soil 
compaction. In this study manure at 15% moistures were used. Parameter in this 
study were number of plates (4, 6 and 8) and plate shape (straight, C-shaped and L-
shaped). The study was divided into two steps. Firstly, a model was built which holds 
a regulator and tests it for properly number of plates and plate shape. Secondly, to 
tests the prototype for field capacity, rate of fertilizer spread and fuel consumption. 
Work efficiency per area, break even point and the rate of return to work. 
 The results from the model test shown that the C-shaped and 6 plate regulator 
is the best type. The results of the tests on the prototype. Found that the speed of 
movement of the tractor transmission 2 low (1.67 km / hr). As high as in the 
prototype. The field capacity were 0.91 rai / hr. The ability to fertilize the area of 
693.33 kg / rai. Ability to work in a real 630.93 kg / hr. The fuel consumption rate 0f 
3.38 litres / rai respectively. Work efficiency per area 58%. Because the speed of the 
vehicle. Afford fertilizer in the proper amounts. Break even point is 47 rai per year 
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ก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#-(%) 48.3 54 
ก%ก((0./ ) 0.27 0.41 
กก ; (%) 33.6 45.6 
 
   >ก/-.%ก ก/-.%ก"/!,ก&&
/!/%*$%&$%$%	ก*/ 2.6 ก4%	%/, >ก,
'*ก; 0กก;ก)-.%ก%< H !!&*&/ *ก%ก
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&ก?*
กก"4
ก;ก),%	ก;:&-? ก;&-
  &$%&-%ก#$%Z%กก
&"%,	 *-.%ก'-.%ก/*

%ก!<
,<6;!ก&ก&<$&$%
4%

40  50 ก%!< 
  ก<-.%ก&8%*//-<ก-. ,/%
&
/ก< "%#$<ก ก/-.%ก"%*";*
"%&$%/*ก
#$%ก/9/-.,G#
-.& 0	
/9/,	"%ก[0*%,
ก-.*"; ก/-.ก#$< &&$%ก,#$<*ก ก48&$%
$ก'&-/%ก&-	
<
&-./ ก/-.&/
%ก(;*
 ก/-.%ก%ก	ก	
<#  4>-%&&ก*ก#$<ก*
<*กI9&ก"	->-%&  I9& /$%-4:#  ก กก% *
 
%-/46! *
<*กI9&กก/ ก:#"% &
/ <  
ก%-!  ,/*#ก $%	กก/-.%ก	
!& 0-  
,ก%-!*
ก
! 
 
 
 
 2.6 ก/-.%ก 
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  &
/ก/-.%ก  /-.%กก#
ก<
ก # ก#
ก&%@ /-.%ก&กก;ก-ก *          
#&"กก ก%กก#$< ก/-.%ก#  &*ก"&กกก;%	
! *8กก/ก%ก #
ก8/-กก"%-.%ก*
 %	!
/
ก 
  กก;ก)-.%ก !,ก!-.ก%ก'?<
,$% 	ก	!ก%&* *&ก%ก*	<
#-#$%ก
/8/*/**
 /!&-.%ก/% /-.0%6=%/=< >
;ก%	
<Z%ก&ก/9/,	 ,ก
& ก'ก[0 *%
%ก&<*ก "$% &$%="%#$%ก#$%&0-. $%="% -.	
%# '< H $%/
/ก#%&%ก%ก%ก; &$%!/ -.%ก
ก;ก)'

	
ก&ก*
%/

ก;*
	

&*"%-.%ก*กก/:#"%-."4
 
% 2.3 
 
 2.3 &*"%-.%ก 
< "%-.%ก &*(kg/m3) 
*&  200 _ 300 
/ 300 _ 400 
/*
%* 500 _ 600 
ก&ก 600 _ 700 
%/ 700 _ 800 
P / 800 
 
2.1.6 *% 
 	%&- '$%$% < "/% ,ก!#
 !& *
& &&$%"/ &&
/กก
#
ก 0ก)4
"%	%&-*/ 2.7 
  	-
/6ก<	%&- #$%& &
%&
*กก
#
ก&	ก* <ก ,% 'ก<	 *

!&/:#"% / < ก* &$%%	<ก  <! &
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*ก*
% &
% <-ก ก% -&"ก !&
#$< ,%/!/% <ก!	<#$<
&*#$< <ก% *
% &
%
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 2.7 	%&- *ก%6 
 
  !*&"%	%&- &*ก%6 ก 	%&-"ก
*ก%6  2 ก)4
 $%  &(6ก"%	%&-ก*ก%6ก *
 &
	%&-$%"$% $% /ก&$%	-/ก	
&	%&-$%"
 )88 	
ก!&/&* #*$%ก &ก% , 2.8 	

*/&&;!*&"%	-%#*ก%6&/!&%"ก	%&- 
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 2.8 	-%#5* 3 	- *
#%!ก!"%*ก%6 
 
  ก!"%	%&- ก!"%	%&-*/ 2.9 ,
	%&-	
!,<*ก%6ก *
	
ก!	กก""%#%!
ก!"%*ก%68#ก!*
/ก!%&%ก6"%	%&- 	ก
&%ก6#",00	
/ก!"# "%	%&-	
 %&
*"%#&- *
#$%Z%กก% *
&9 
&"%	%&-	
%
	&&*0 %#&ก%% 20 0  	
/ก% 
"%ก;"%	%&-*
;"% 	!%"%	%&-	
%

& 95  230 %% ก;"%	%&-!,<-=K%&%
ก6 0	
;"%	ก 2  7 % ;"%#%!ก!"%
*ก%6 	
%/%%ก! 
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 2.9 */ก!"%	%&- ก*ก%6 
 
 2.1.7 23%. 
 </!&&-.&  	
,-.&ก"%	- #

<%`%ก 8"	
`&$%`<%,ก &$%<<$%ก %%/%
""% *
!&'%"กกก!& 4-. 
  /
ก%/!9  
  ·  	--. 	-"%
4 45 ก ,ก% 1 =- ก 
	
 8  12 =- (2.4  3.6 ) 
  ·  กกก!& 4-. *%"% 0ก
&ก)4
 < *ก!-. (Auger Type) *,0$% (Chain Type) */# (Belt 
Type) *
**8$% (Reciprocating plate type) 
  ·  <%	-. '<%%%ก"%-.% 4ก /#$%
-ก&"%-. 
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  ·  %" </!&%-. "4
กก;'%"$%*
/
ก!<-ก!& 4-. ( 	<	%&-!&*%") 
  ·  
/ก! $%	กกก)ก/ก!	กก!/
! 4  > $% ก<=K%" (Gear) ก</#*
%" (Pulley and Belt) ก<#
%!ก! (Power Take Off ) *
ก<,0*
%=K% (Sprocket Wheel and Chain) 
 2.1.8 ก
#"
5#	 (Soil compaction) 
   & ก# ""%&*"% *
!&%-:"%; < 
ก ก%*"% /ก "& H ก4 *ก ?ก *:"%
!  &$%*%$ H $%	กก< $%	กกกก) 0I		-ก<
$%	กกกก)"&9" ก%&ก *ก
!% /" <"% ก ก%
*"%  ,ก%"% กกก# &*"%  0'8	กก&
!&ก&$%	ก:%ก&ก  ,ก * -ก< 	
&*%* *
# !&ก&$%*ก	ก$%$% H 	
!&&*# " 0&*
# "	
8	ก*%*
 4<$ 
  <"% ก ก%* /*' 
   ·  Arable Layer '< 0%//- 	
*>-%&*

% -/ &
*กก#
ก  <	
//"%<$  <%%ก( *

/"%$% &
/ %-:"%; ก	ก%& H 
   ·  Subsoil Layer ' <ก%* $%	ก ก ก
*/
ก%&$%//"% "%&
/  <	
ก	ก
%&* ก '< " ก#$</&ก8 
 
 < (Top Soil) 
<  (Plow Pan) 
 < (Subsoil) 
 
 2.10 */<  H 
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 	ก  2.10  </- (Top Soil)  	
'< ;#>-6#$<< '
	 9 ,  <	
ก	ก%& H /:# =Z%ก(	
% > #% <
ก ก<
$%	ก!8  	
8%ก%*"%  ,G#
% ก	
*";"%/ 48 &   กก<$%	ก$%$%กก)	
!&  
& ก ก%, 0	
8ก
%ก%ก"%;#>-6#$< 48 & 
< กก)ก,ก<$%	ก$%$%กก) 	
!&&*
 (Bulk Density) "% <ก*%% ก#	
%ก# 	48ก
%ก%*"%  0	
8%ก	 9 ,"%
#$< ก#
ก %%	
!& ก ก%*ก '< 
(Subsoil, Plow Pan) ก<
 $%	ก!:&	กก# 	
!& 
&*# " ,G#
%  &<  	
	ก'ก%*";ก 8%
ก
!*
ก*#ก
	"%ก#$<  "% 	
'<%กก%*
"%  ก4%*ก%6ก
!%  	
!& ก ก-*
"%%ก
* ก%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
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
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++= γγ  (2.1) 
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Soil g0(dry), t/m
3 Po, kPa A1, t/m
3 B1, t/m
3 Source 
Ste _ Rosalie Clay 0.7 3 0.13 0.4 1 
Loamy Sand 1 7 0.17 0.3 1 
Sandy Loam 0.8 7 0.17 0.5 1 
Yolo Silt Loam 1 7 0.13 1.1 2 
Heavy Loamy Clay 1.1 7 0.17 0.5 2 
Clay 1.2 7 0.14 0.3 - 0.7 3 
Sandy Loam 1.3 7 0.17 0.5 3 
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1 -37.822 -6.0196 -0.16613 
2 0.59371 0.094492 10.583 
3 18.334 2.9179 0.34271 
4 30.076 4.7868 0.20891 
5 82.359 13.108 0.07629 
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1 115 110 130 118 
2 20 80 110 70 
1 3 170 220 230 207 
1 170 140 180 163 
2 50 70 75 65 
2 3 250 235 260 248 
1 110 180 140 143 
2 70 120 90 93 
3 3 250 220 150 207 
1 180 220 190 197 
2 90 140 150 127 
4 3 220 230 190 213 
1 210 240 180 210 
2 70 90 80 80 
5 3 190 220 250 220 
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 1L 2,746.80 2,570.22 2,354.40 2,557.14 
ก 2L 2,390.44 2,507.52 2,197 2,364.98 
ก 3L 2,234.02 2,352.50 1,961 2,182.50 
ก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$*2	#()n 
ก 1L 3,433.50 3,276.54 3,767.04 3,492.36 
ก 2L 3,021.48 3,423.69 3,207.87 3,217.68 
ก 3L 2,923.38 2,876.23 2,944.30 2,914.63 
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* 4.6 "$ก$	2	*+$"	 
/Cก2	'	&ก*	 
ก 1 *, ก 2 *, ก 3 *, ก 
(1.15 km/hr) (1.67 km/hr) (2.57 km/hr) 
12,ก$"	 (m 2) 600 600 600 
/ก+'	 (m) 15 15 15 
/"/&ก, (rai/hr) 0.86 0.91 1.28 
/"/&ก#()	ก (kg/rai) 906.67 693.33 426.67 
/"/&ก,."$( (kg/hr) 779.74 630.93 546.14 
	*ก"2	,/.2	1 (liter/rai) 3.46 3.38 3.2 
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
71ก, (%) 56 58 80 
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ก. 1   ก	
	 !"	#$"%&& 
 
 
 
	
 ก.1 ก !"#"$%%#ก CosmosXpress 
Mesh Information 
Mesh Type: Solid mesh 
Mesher Used :  Standard 
Automatic Transition :  Off 
Smooth Surface :  On 
Jacobian Check :  4 Points 
Element Size : 26.17 mm 
Tolerance : 1.3085 mm 
Quality : High 
Number of elements : 52344 
Number of nodes : 105616 
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	
 ก.2 " Rก"	
S !"#"$%ก 
Property Name Value Units 
Elastic modulus 2.00E+11 N/m^2 
Poisson's ratio 0.32 NA 
Shear modulus 7.60E+10 N/m^2 
Mass density 7800 kg/m^3 
Tensile strength 4.83E+08 N/m^2 
Yield strength 2.48E+08 N/m^2 
Thermal expansion coefficient 1.20E-05 /Kelvin 
Thermal conductivity 30 W/(m.K) 
Specific heat 500 J/(kg.K) 
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 ก.1 ab	
กcb !"#"$%ก 
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ก. 2  ก	
	()$ก
ก*&*&		+"ก 
  d b	b  Min Stress = 297568 2m
N
  
Max Stress = 2.69389e+008 2m
N  
 
 
 
#	
 ก.2 eกRfcagf 
 
ก. 3 ก	
	 Displacement ()$ก
ก*&*&		+"ก 
 d b	b  Max Displacement = 18.8587 mm 
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 ก.3 eกRfcag Displacement 
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ก. 4 ก	
	 Deformation ()$ก
ก*&*&		+"ก 
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 ก.4 eกRfcag Deformation 
 
ก. 5 ก	
	 Design Check ()$ก
ก*&*&		+"ก 
 
 
 
#	
 ก.5 eกRfcag Design Check 
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	
 ก.3 ก ก#"$%%#ก CosmosXpress 
Mesh Information 
Mesh Type  Solid mesh 
Mesher Used   Standard 
Automatic Transition   Off 
Smooth Surface   On 
Jacobian Check   4 Points 
Element Size  5.3451 mm 
Tolerance  0.26726 mm 
Quality  High 
Number of elements  10731 
Number of nodes  22404 
 
ก. 6 ก	
	()$ก
ก*&C&ก+"ก 
 d b	b  Min Stress  =  6.047e+003 2m
N   Max Stress  =  2.32e+001 2m
N  
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 ก.6 eกRfcagf ก#"$%ก 
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ก. 6 ก	
	 Displacement ()$ก
ก*&C&ก+"ก 
 d b	b  Max Displacement = 22.04 mm 
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 ก.7 eกRfcag Displacement  ก#"$%ก 
 
ก. 7 ก	
	 Deformation ()$ก
ก*&C&ก+"ก 
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 ก.8 eกRfcag Deformation  ก#"$%ก 
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ก. 8 ก	
	 Design Check ()$ก
ก*&C&ก+"ก 
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 ก.9 eกRfcag Design Check  ก#"$%ก 
 
	
 ก.4 ก !"#"$%%#ก CosmosXpress 
Mesh Information 
Mesh Type  Solid Mesh 
Mesher Used   Standard mesh 
Automatic Transition   Off 
Smooth Surface   On 
Jacobian Check   4 Points 
Element Size  39.82 mm 
Tolerance  1.991 mm 
Quality  High 
Number of elements  21098 
Number of nodes  42911 
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#	
 ก.10 ก b Mesh  !"c	
กcb !"  
 
 
 
#	
 ก.11 กf#	
%##b !"j%ak กc 
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 ก.12 l#j%กก  !กก 
 
	
 ก.5 ก ก#"$%%#ก CosmosXpress 
Mesh Information 
Mesh Type  Solid Mesh 
Mesher Used   Standard mesh 
Automatic Transition   Off 
Smooth Surface   On 
Jacobian Check   4 Points 
Element Size  9.4035 mm 
Tolerance  0.47017 mm 
Quality  High 
Number of elements  35572 
Number of nodes  64564 
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 ก.13 ก b Mesh  ก#"$%c	
กcb ก#"$% 
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l#j%กก  !กก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/ 
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	 
.27 ก
0<ก;
-.	5/ 
 
 
 
	 
.28 ก
0ก" > <ก;
-.	5/ 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
ก  
 
ก	
กกก	 
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	
 .1 	
ก	 
ก
 !	
	 
"#$ก
"%	!&
($	
) 
"#$ก

!"&"

($	
) 
"#$ก
)
*
($	
) 
+$"$,-
	
#. (/,) 
$!+$
.*!0%	

1

(%) 
1 27.41 11.12 0.56 19 3.5 
2 24.39 10.04 1.39 15 3.66 
3 26.35 9.37 1.04 16 3.23 
ก
 1 + 
 26.05 10.18 1 17 3.46 
1 23.45 7.43 2.45 12 3.49 
2 25.32 7.1 1.57 14 3.28 
3 25.01 7.23 2.16 14 3.37 
ก
 2 + 
 24.59 7.25 2.06 13 3.38 
1 18.09 5.01 2.31 10 3.11 
2 17.35 3.51 2.15 7 3 
3 17.23 4.3 2.44 6 3.5 
ก
 3 + 
 17.56 4.27 2.3 8 3.2 
 
1. ##	$%	&'(ก	
' (Effective field capacity, Ca), (9	:;:<=#') 
 
 
t
a T
AC =  
 
* aC  = "/%#$ก	+$ ()).":) 
 A  = 0*!$	
#$ก	+$ ()  
 tT  = "	
#.#$ก	+$	!& (.":) 
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 1.1 ก	> 1 ;
  
 *  A = 600   tT  =  26.05 $	
 
 
 	$) 86.0
min60
1
min05.26
600,1
1600 2
2
=
×
×
= hr
m
rai
m
Ca  ) ) .": 
 
 1.2 ก	> 2 ;
  
 *  A = 600   tT  = 24.59 $	
 
 
 	$) 91.0
min60
1
min59.24
600,1
1600 2
2
=
×
×
= hr
m
rai
m
Ca  ) ) .": 
 
 1.3 ก	> 3 ;
 
 *  A = 600   tT  = 17.56 $	
 
 
 	$) 28.1
min60
1
min56.17
600,1
1600 2
2
=
×
×
= hr
m
rai
m
Ca  ) ) .": 
 
2. ?	@&A&B(ก	
' (%) 
 
 100×=
t
e
f T
T
E  
 
* fE  = %	<%=0#$ก	+$ (%) 
 eT  = "	
#.#$ก?%%$% (.":) 
 tT  = "	
*ก#.#$ก?%%$	!& "	!"	
 
    1
$*กก
!" ก&, ก!*ก  
    (.":)   
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 2.1 ก	> 1 ;
  
 * eT  = 14.57 $	
  tT  = 26.05 $	
 
 
 	$) %56%04.56100
min60
1
min05.26
min60
1
min57.14
≈=×
×
×
= hr
hr
E f  
 
 2.2 ก	> 2 ;
  
 * eT  = 14.32 $	
  tT  = 24.59 $	
 
 
 	$) %58%51.57100
min60
1
min59.24
min60
1
min32.14
≈=×
×
×
= hr
hr
E f  
 
 2.3 ก	> 3 ;
  
 * eT  = 12.09 $	
  tT  = 17.56 $	
 
 
 	$) %80%24.80100
min60
1
min56.17
min60
1
min09.12
≈=×
×
×
= hr
hr
E f  
 
3. ;	ก	&D?E'D
#<EDB&' (&;	;:9	:) 
 
= %@.*!0%	!&(%) / 0*!$	
#$ก	+$%()  
 
 3.1 ก	> 1 ;
 
 * %@.*!0%	!& =  1.3 % 
   0*!$	
#$ก	+$% =  600  
 	$) ก%!$*$!+$.*!0%  
   =  46.3
1600
1600
3.1
2
2
=
×
m
rai
m
litre  % ) ) 
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 3.2 ก	> 2 ;
 
 * %@.*!0%	!& =  1.4 % 
 	$) ก%!$*$!+$.*!0% 
 
   =  38.3
1600
1600
27.1
2
2
=
×
m
rai
m
litre  % ) ) 
 
 3.3 ก	> 3 ;
 
 * %@.*!0%	!& = 1.2 % 
 	$) ก%!$*$!+$.*!0% 
  
   =  2.3
1600
1600
2.1
2
2
=
×
m
rai
m
litre  % ) ) 
 
4. ##	$(ก	=	?FGก;:BED (ก&=ก	#;:9	:) 
 
 =  ,-	
#.#$ก	(ก%:ก) / 0*!$	
#$ก	+$% ()  
 
 4.1 ก	> 1 ;
 
 * #.,- =  17  /, (,-ก 1 /, = 20 ก%:ก) 
   0*!$	
#$ก	+$% =  600   
 	$) "/#$ก:,-ก)0*!$	
  
 
   =  67.906
1600
1600
2017
2
2
=
×
×
m
rai
m
kg  ก%:ก ) ) 
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 4.2 ก	> 2 ;
 
 * #.,- = 13 /, (,-ก 1 /, = 20 ก%:ก) 
 	$) "/#$ก:,-ก)0*!$	
 
 
   =  33.693
1600
1600
2013
2
2
=
×
×
m
rai
m
kg  ก%:ก ) ) 
 
 4.3 ก	> 3 ;
 
 * #.,- = 8 /,  (,-ก 1 /, = 20 ก%:ก) 
 	$) "/#$ก:,-ก)0*!$	
 
 
   =  67.426
1600
1600
208
2
2
=
×
×
m
rai
m
kg  ก%:ก ) ) 
 
5. ##	$%	&'(ก	
'<&'F (ก&=ก	#;:<=#') 
 
 =  "/%#$ก	+$ ×  "/#$ก:,-ก)0*!$	
 
 
 5.1 ก	> 1 ;
 
 * "/#$ก:,-ก)0*!$	
  =  906.67 ก%:ก)) 
   "/%#$ก	+$.%0*!$	
  =  0.86 )).": 
 	$) "/%#$ก	+$.%", 
 
   =  
hr
kg
hr
rai
rai
kg 736.77986.067.906 =×  
 
 5.2 ก	> 2 ;
 
 * "/#$ก:,-ก)0*!$	
  =  693.33 ก%:ก)) 
   "/%#$ก	+$.%0*!$	
  =  0.91 )).": 
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 	$) "/%#$ก	+$.%", 
 
   =  
hr
kg
hr
rai
rai
kg 93.63091.033.693 =×  
 
 5.3 ก	> 3 ;
 
 * "/#$ก:,-ก)0*!$	
  =  426.67 ก%:ก)) 
   "/%#$ก	+$.%0*!$	
  =  1.28 )).": 
 	$) "/%#$ก	+$.%", 
 
   =  
hr
kg
hr
rai
rai
kg 137.54628.167.426 =×  
 
6. #HI:J'&BIHK' H'ก	 
 
 ( ) ( )%log%1log 1
0
10 WBSp
NpAd +






++= γγ  
 
 6.1 ก	'9#:;&;D'	E';KI 
 * N   =  2 
  P(ก)$%!) = 
 
    = )2109.0()2036.0(
81.9)345370,1(
×+×
×+  
      = kPa
m
kN 014.58014.58 2 =  
 
 	$)
 ( ) ( ) 3517.0%10log5.0%1517
)014.582(log17.08.0
m
t
d =+





 +
×
+=γ  
 
 
 
 
$$./	ก + $$.&,$ 
0*!$	
	
/Dก%$ 
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 6.2 ก	;&;D'	E';KI 
 * N   =  1 
 
  P(&%!) = 
 
     = )2109.0()2036.0(
81.9)145345370,1(
×+×
×++  
 
     = kPa
m
kN 919.62919.62 2 =  
 
 	$)
 ( ) ( ) 3472.0%10log5.0%1517
)919.621(log17.08.0
m
t
d =+





 +
×
+=γ  
  
 :	
0*!$	
	
Dก%$, A = BL    
4
dL =  
 $!$ &$  =  2360
4
8018 cm=×  
    =  22
2
2 036.0)100(
1360 m
cm
m
cm =×  
  
   &  =  275.1093
4
12535 cm=×  
    =  22
2
2 109.0)100(
175.1093 m
cm
m
cm =×  
 
7. ?	@#ก	?	&#?FGกED';K 
 ก@
#ก",-.$%"F
 4 #ก" 
 /"#$ก
%$"&,$ 1 ) #." 1 .": 
 กก",-ก 6 ก%:ก #." 13.09 "%$	
 
 %@,-ก	
&* 600 ก%:ก)) 
 
 $!$  rais
s
rai 310636.309.13
600,3
1 −×=×  
$$./	ก + $$.&,$ + $$.*$ 
0*!$	
	
/Dก%$ 
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    raikg
kg
rai 363.0600
6
10636.3 3
=×
× −  
 0G$!$ kgrai
rai
kg 652,11
363.0
600
=×  
 
 ก@
#ก",-.$%"F
 6 #ก" 
 กก",-ก 6 ก%:ก #." 15.23 "%$	
 
 
 $!$   rais
s
rai 31023.423.15
600,3
1 −×=×  
    raikg
kg
rai 423.0600
6
1023.4 3
=×
× −  
 
 0G$!$ kgrai
rai
kg 418,11
423.0
600
=×  
 
8. ก
'BJ'(ก?FG;K'(<K(ก	
' 
 
 nTW p π2=  
 
* pW   = ก+ 
 n  = "H"0#ก",- 
 T  = :$ % 
 
	$) kWWp 203.9831.37860
2322 =




= π  
 
9. ก
'BJ'%H#F;K'(<K(ก	
' 
 
 kWWp 832.2616
5045
60
2322
3
=




 ××





=
π
π  
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10. I	'L'(BJ@:'ก
' 
 
 
ZV
W
F p=  
 
* pW  = 9.203  kW 
 Z  = 2 
 V  = dnπ2  
   = 




×




 ××
60
232
1000
1
1
4.2552
mm
m
in
mminπ  
   = 3.085 m/s 
0G$!$ F  = 
085.32
10203.9 3
×
×  
   = 1491.572  N 
 
11. ก	
ก9กก
H?	&#?FGก 
 11.1  #	M&กN;J'B กก 
 
 
2
1
2
1
1945 





=
yW
yW
nc  
 
* n
c
 = "H""%กP0,  (rpm) 
 W1 = F 
 = 	
ก	+)0,  (3.678  kN) 
 Y = :ก)0,  (mm.) 
 = 
EI
FL
48
3
,  I = 
64
4dπ  
 = ( )( )
( ) 










 4
2
3
35
64
20548
775,1678.3
mm
mm
kN
mmkN
π
 
 = 28.103  mm. 
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	$) ( )( )
( )( )
rpm
mmkN
mmkN
nc 261.178103.28678.3
103.28678.3945
2
1
2 =





=  
 
 กก	
  
 #&0 	+$	
 "H"	
  ก ")&*+ก")  25% 
"H""%กP$$* rpm565.44261.178 ±  :$"%$
!*ก#."H"	
ก") 25% 
"H""%กP 0S$.)""H"ก	+$&,$ $$*.)""H" 232 rpm 
 11.2  ;	%JJ'#P:: 
  
 FrT =  
 
* T = :$ %, (378,831.895Nmm) 
 F =  
 r = U
) , (5in, r = 63.5mm) 
 
	$) N
mm
NmmF 856.5965
5.63
895.831,378
==  
 
 11.3 ;	%#J'B 
  - ก@
"กY@ 
 
 
C
dDdDCLa 4
)()(57.12
2
1
−
+++=  
 
 - ก@
"กY@" 
 
 
C
dDdDCLa 4
)()(57.12
2
1
+
+++=  
 
 * aL  = ""0$, in 
  C = &)&"),U$ ก)) , in 
  D = $D)$U$ ก)) , in 
  d1 = $D)$U$ ก)) , in 
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	$) mminLa 59.053,285.80)19.324(
)55())55(57.1()19.322(
2
==
×
+
++×+×=  
 
12. ก	
กกI	&' 
 +&%	
#.#$ก0#ก",-	!S$: %	


$" 35 %% 
  ก+$	
1
$*ก"
	$ 
 
 
60
dnfFW rp π=  
 
* W
p
 =  ก+$	
1
$*ก"
	$,  W 
 f =  %	<%]"
	$@%	+$#$$"U
, 0.0025 
 f =  %	<%]"
	$@%	+$#$$"U
, 0.0015 
 F
r
 =  #$$"U
,  1.491 kN 
 d =  $",  35 mm 
 n =  "H",  232 rpm 
 
	$)  WWp 584.1100060
2323510491.10025.0 3
=
×
×××××
=
π (@%	+$) 
 
  WWp 951.0100060
2323510491.10015.0 3
=
×
×××××
=
π (@	+$) 
  :$ %$*ก"
	$ 
 
 
2
dfFT r=  
 
* T =  :$ %$*ก"
	$ 
 
	$)  NmT 065.0
10002
3510491.10025.0 3
=
×
×××
= (@%	+$) 
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  NmT 039.0
10002
3510491.10015.0 3
=
×
×××
= (@	+$) 
 
13.  ก	
กก#? 
 
 )"=$ก = 
 
* "/,$ก = 1,300 kg 
 &,$&$ก   = 345 kg 
 /,&$ก   = 150 kg 
 ,-ก&$ก   = 357 kg 
 
	$) = 526.1)357150345(
300,1
=
++ kg
kg 	) 
 
14. ก	
กก%
	ก	&'J'	$I	ก;	>BED 1 9	: 
  
	
"	
"%  =  
 
* "ก"0*!$	
 = 40 m 
 "ก",ก@ = 1.75 m 
 
	$)  = 23
75.1
40
=
m
m 	
" 
 
15. ก	
JBJ'(ก?FG 
 &Hก AISI 1020 CD yσ
 
2
2
81.537
1
895.6
78
mm
n
ksi
mm
N
ksi =×=  
 #.)ก+$  pW  kW203.9=  
 "H"   n  rpm232=  
 กก   pW  nTπ2=  
 "$G*$, dτ
 3
16
d
T
J
Tr
π
==  
"/,$ก 
$!+&$ก",ก@ 
"ก"0*!$	
 
"ก",ก@ 
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* .378802
1
1000802.378 Nmm
m
mmNmT =×=
 
 
  2098.467
81.5376.06.0
mm
N
N
y
d =
×
==
σ
τ  
 
 	$)  3
37880216098.46
dπ
×
=  
 
   3
098.46
37880216
×
×
=
π
d .719.34 mm=  
 
 *ก#.$ 35 mm. 0
#$	 
 
16 ก	
JJ'กก 
 &*$!+&$ก	!&	
ก	+$	! 4 :!* 
 = $!+&$ก/,,- + $!+&$ก,- 
 = ( ) ( )22 81.930081.9144 smkgsmkg ×+×  
 = 4355.64 N 
 	
ก	+$:!* 1  
 =  N91.1088
4
64.4355
=  
 กก 
A
F
d =τ  
 กก
"	+ก AISI C1020  "=  7 
 
 2
2
86.330
1
895.6
48
mm
N
ksi
mm
N
ksiy =×=σ  
 
 22 576.19886.3306.06.0 mm
N
mm
N
yy =×== στ  
 
 2
2
368.28
7
576.198
mm
Nmm
N
N
y
d ===
τ
τ  
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0G$!$$กก
"* 
 
 mm
mm
N
Nd 99.6
368.284
91.1088
2
=
×
=
π
 
 
 $!$กก
"	
* M8 
 
17 ก	
J	<E##F# 
 ก#& NF 91.1088=  
 "= 75.3=N  
 ".*bbc E432 	
/e 2440 mm
N  
  mma 200= , mmd 50=  
 
 22 8.36044082.082.0 mm
N
mm
N
uy =×== σσ  
 
 22 48.2168.3606.06.0 mm
N
mm
N
yy =×== στ  
 
 3
33
333.20833
6
50
6
mm
dIu ===  
 
 ttII u 333.20833==  
 
 "$G*$ 
 
 2
089.1
502
91.1088
2
91.1088
mm
N
tt
N
td
N
A
F
=
××
===τ  
 
 "$ 
 
 2
338.261
333.20833
2
5020091.1088
mm
N
tt
mm
mmN
I
Mc
=





××
==σ  
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 กก 
 
 
2
1
2
2
2 












+==
σ
τ
τ
τ
N
y
d  
 
 
2
1
22
2
2
338.261089.1
75.3
48.216













+




=
tt
mm
N
 
 
 mmt 263.2=  
 
 $.*, 
 
 mmmmth 2.3
707.0
263.2
707.0
===  
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1. ก
ก



ก ! 
 
	

 = 		

 + 10%  
 
 		

 : 
 !"ก$%&'"   =   16,200 * 
 
 ! 300 * 2  3  =   300 * x 2  x 3  
        =   1,800 
        =   18,000 * 

 
	

 = 18,000 + (0.1*18,000) = 19,800 * 
 
2. ก
#$%&'($	)*	
*	(+ก
 
 
 
345
6 = 
 + 
ก*6' + 
786 !
"!ก + 
9   
 
2.1 
 (&:6	) 
   
 
L
SP
D
−
=
1
1  
 
 D
1
 = 
	
";, * 
  P
1
 = ก<', 19,800 * 
  S = , 0.1P  
=  (0.1)(19,800) 
= 1,980 * 
  L = ก34, 7 "; 
 

  71.2545
7
980,1800,19
=
−
=   *	
"; 
 
 
 
  
 
 
 
 
 
 
 122 
2.2 
ก*6'9	ก*6'
ก* 7% 	
 "; 
 
iSPI )(
2
1
1 +=  
 
 I = ก*6'3ก 	
 !";, * 
  P1 = ก<', 19,800 * 
  S = , 0.1P  
=  (0.1)(19,800) 
= 1,980 * 
   

  
 
3.76207.0)980,1800,19(
2
1
=+=   *	
"; 
 
2.3 
786  !
"!ก A
6   = 0  * 
 
2.4 
9 A
6  = 0 * 
 

,- 
345
6 = 2,545.71 + 762.3 + 0 + 0 =  3,308.01  ≈   3,308  *	
"; 
 
3. ก
#$%&'($+-
 
 3.1 
 = 300 *	
 
   = 37.5  *	
49 
 3.2 
'D4'E & ! 
  
 3.2.1 'D4'E &  (E&5$6ก34'D 3.2  &		
A
  !F
5&3กD 1.28 A
	
49) 
 
 ' 
hr
litre
hr
rai
rai
litre 09.4
1
28.1
1
2.3
=×  
  
   1   &	  = 30  *	
 &	 
 F  4.09   &	 = 122.7  *	
49 
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 3.2.2  'D 
  
    1   &	 = 60  * 
 	ก34'D 
 6 0.15  &	 	
 1 49 
 
 ' 
hr
bath
litre
Bath
hr
litre 960
1
15.0
=×  
 
   = 122.7+9  =  131.7  *	
49 
 3.3 
<
< !*Dก8 
   = (6%)P/100 49 
 
   = 
hr100
06.0800,19 ×  
 
   = 11.88  *	
49 
 

,- 
345
H" = 37.5 + 131.7 + 11.88 =  181.08  *	
49 
 
   = 
rai
hr
hr
bath
28.1
108.181 × ≈   141  *	
A
 
 
4. #$%&'($)*1
2-
+3'+	ก
%&'
*	'44 
 
	6 .1 ก"6*6*
345
ก8	ก3ก	6&" Iก*E'6 1 A
 
ก ก
6	**  6	** 

AF! (*	
A
) 220 220 

AF" (*	
A
) 185 185 

AFE (*	
A
) 150 150 

F*ก"J (*	
6	
A
) 175 0 

"J (*	
	
A
) 37.5 0 
 767.5 555 
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
,- 
345
6F"!A 5กก34	** 
 
5.212
5555.767
=
−=  
 
5. ก
#-
1#6!)*)*11%ก
		
*	(+ก
 (Break Even Point) 
 
VCB
FC
x
−
=  
 
 x = "&$E'66!3กD, A
	
"; 
 FC = 
345
6, 3,308 *	
"; 
 B = 
345
6F"!A, 212.5 *	
A
 
 VC = 
345
H", 141 *	
A
 
    

  265.46
1415.212
308,3
=
−
=  ≈  47 A
	
"; 
 
6.  
%ก
, (Pay Back Period, PBP) 
 
 
R
PPBP =  
 
 PBP  =  !! 3ก5ก, "; 
 P  =  ก<'5ก 19,800 * 
 R  =  กDA:&P 6, * 
   =  A6E&Q' !
345
6    R 
     H 5
6E&Q' !A6    
 

 
 
2982.1
47)5555.767(
800,19
≈=
×−
=   "; 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
ก 	 
 

ก
ก !"ก# 
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$%

ก !"ก# 
 
ก	  
ก  		  	. (2555). ก%%ก

'($%)*+,%ก%
	%
 +-. 
ก/0. ก		ก		 !ก"ก#$
%&'"(!)(* +'(,-  13 (ก	/"( 

*,  ก	"ก#$*-'*0). 4 2 5
"#	* 2555 
'3,",* &4' '%5",*'6%&. 
ก	  
ก  		  	. (2554). ก!"ก#$%)*+,%ก%	%
 +-. 

ก/0. ก		ก	* .  +'(,- 5 ก	78	ก	*7&
	 	"9,*. 4 2 5 '%	  2554 
'8,* ก5 '%5	:	,. 
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 '       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    ก     2547 5  - < $ + ก ,  (   -  #    ก        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
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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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
)  
 
*ก.-#ก7$ก.A# ก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